Introduction
============

The central nervous system (CNS) diseases, such as Parkinson's disease, Alzheimer's disease \[[@rbw004-B1], [@rbw004-B2]\] and traumas, are all caused by neuronal loss or injury, which lead to the sensory, locomotion and cognitive dysfunction because of the absence of the axonal growth stimulative factors, like local growth stimulative substances and extracellular matrix (ECM) protein, and the existence of axonal growth inhibitory factors, like myelin-associated proteins and the physical/chemical barriers formed by glial scars \[[@rbw004-B3]\]. It has been widely accepted that there are neural stem/precursor cells (NSCs/NPCs) which can generate new neurons in multiple areas of the adult mammalian CNS, such as the olfactory bulb, hippocampus dentate gyrus, periventricular area and central canal of the spinal cord \[[@rbw004-B4]\].

The adult neurogenesis is dually influenced by *in vivo* and *in vitro* environments. Under the normal condition, the stem/precursor cells in the above areas keep 'silent'. While under stress or injury, they will be activated and then proliferate and differentiate mainly into glial fibrillary acidic protein (GFAP) positive astrocytes contributing to form scar tissue but almost no neurons \[[@rbw004-B8]\]. This article focuses on the strategies about facilitating CNS regeneration, including cell transplantation and endogenous neurogenesis, especially using biomaterials to facilitate tissue regeneration and functional recovery after brain and spinal cord injury (SCI).

The cell transplantation-based therapeutic strategy
===================================================

Exogenous cells are transplanted after the CNS injury to substitute dead or injured tissues. This sounds attractive, but faces three problems: first, how to immobilize the transplanted cells at the injured local area to avoid their dispersion to other areas; second, cell survival and activity; third, integration with host tissues \[[@rbw004-B11]\]. While injecting exogenous cells into the CNS injured area together with saline or media, cell aggregation is almost inevitable before the injection, consequently leading to a lowered cell activity; after the injection, cells migrate dispersively or in cluster to other tissue areas, which will be cleared up by immune cells and lose their biological functions ultimately. Meanwhile, the survival of transplanted cells is further restricted by the dreadful microenvironment and the absence of cell adhesion and survival factors at the injured area. Theoretically, the integration of transplanted cells with host tissues must be fast; actually, it is often hampered by physical and chemical barriers. To solve the aforementioned problems, researchers have tried to use biomaterials with good biocompatibility to facility the repair and regeneration. Figure 1.The regenerated nerve tissue inside an NT-3 loaded chitosan tube links the two ends of the completely transected and extracted rat spinal cord (5-mm gap) 6 months post operation. Good vascularization of the regenerated tissue is apparent. Chitosan molecular structures are shown. Inside the regenerated tissue, a large amount of newly generated neurons form a nascent neural network (shown here in the background), serving as relay stations to connect ascending and descending neural transmission signals to achieve sensory and motor functional recovery after spinal cord injury

The drug/bioproduct-based therapeutic strategy
==============================================

Bioactive molecules are delivered to the CNS to facilitate such tissue regeneration as neurogenesis, plasticity, axonal regeneration and neural protection function. For example, the injection or pumping of bioactive factors like epidermal growth factor (EGF) and erythropoietin into the brain ventricle can remarkably strengthen the activation and migration of endogenous NSCs/NPCs consequently leading to neurogenesis and improved functional recovery \[[@rbw004-B12], [@rbw004-B13]\]. Similarly, growth factors, such as interferon-g \[[@rbw004-B14]\], glial cell line-derived neurotrophic factor (GDNF) \[[@rbw004-B15]\] and neurotrophic factor-3 (NT-3), have been evidenced to play a certain role in protecting neurons and facilitating axonal regeneration after the SCI \[[@rbw004-B16]\]. Unfortunately, the blood--brain barrier (BBB) and its low permeability restrict the diffusion via the routine delivery strategy in treatment \[[@rbw004-B17]\]. A high general dosage, therefore, is needed to guarantee the therapeutic concentration at the injured local area, which often causes the cytotoxicity of the whole body. The general drug delivery may result in the target distribution of therapeutic molecules, together with some side effects, such as tumor formation and fibrillation \[[@rbw004-B18]\]. We thus need to develop a new strategy to increase the BBB permeability of drugs, e.g., to deliver drugs through liposomes, NSCs/NPCs or biomaterials \[[@rbw004-B16], [@rbw004-B19], [@rbw004-B20]\]. The direct drug delivery or transplantation bypassing the BBB, e.g., direct injection into the injured local site or intracerebroventricular (ICV) injection, may be taken into consideration, but probably accompanied by such risks as cerebral edema and convulsion, where drugs will diffuse quickly and get removed, with slight or no biological effects at all \[[@rbw004-B21]\].

The joint treatment strategy
============================

The joint transplantation of cells, bioactive molecules and biomaterials enables the increased cell survival and integration, and realizes the local drug delivery in the brain, while bypassing the BBB and avoiding the general side effects \[[@rbw004-B22], [@rbw004-B23]\]. Similar to drug delivery, the intravenous injection of cells may potentially bring about the general side effects; meanwhile, it cannot directly enter or approach the injured local area \[[@rbw004-B24]\]. Biomaterials may serve as the delivery carrier for such therapeutic molecules as growth factors, proteins and small molecules, providing a sustainable and adjustable drug release curve, with no requirement for multiple high-dosage treatments \[[@rbw004-B16], [@rbw004-B25]\]. They may also work as the tool for cell transportation and the scaffold for adhesion and migration, to make sure that the transplanted cells can stay at the injured local area and exert their functions.

The biomaterial scaffold-based therapeutic strategy
===================================================

Biomaterials, as a cell/drug delivery system, may offer concentrated and sustainable delivery. On the one hand, they may serve as the physical scaffold for cell adhesion, migration and growth; on the other hand, they may work as the carrier to combine with biomolecules and realize the oriented and sustainable delivery toward target sites. This avoids the surgical infection risk caused by multiple injections, as well as the easy diffusion and effect loss of soluble biomolecules.

Biomaterials scaffolds are generally considered to need surgery, Actually, according to the invasion degree, biomaterial scaffolds are categorized into the injectable and implantable scaffolds \[[@rbw004-B26]\].

Injectable scaffolds
--------------------

In situ forming gel is a flowable liquid or sol pre-injection; once injected under the physiological environment, it forms gel quickly \[[@rbw004-B27], [@rbw004-B28]\] via the temperature variation, ion exchange process and light excitation \[[@rbw004-B29]\]. For instance, collagen (Coll), methylcellulose (MC) and agarose are all temperature-sensitive polymers. Both Coll and MC form gel under the physiological condition; however, MC forms gel very slowly, which can be speeded up by mixing MC and hyaluronic acid (HAs) \[[@rbw004-B32]\]. Although agarose needs a gel forming temperature lower than the physiological temperature, a freezing system is needed for its *in situ* formation \[[@rbw004-B29]\]. Chitosan can be mixed with the guanosine 5′-diphosphate (GDP) solution and then quickly forms gel via the ion exchange process. To avoid the gel formation inside the injector, Chitosan solution and GDP solution must be separately injected with a binocular injector with two independent outlets \[[@rbw004-B33]\].

The injectable scaffold has many advantages. It provides supporting as a biomaterial scaffold, while lowering the invasion to the minimum. However, its limitations in fast gel formation, high mechanical feature and biocompatibility hamper its abroad application \[[@rbw004-B34]\].

Implantable scaffolds
---------------------

Except for the *in situ* forming gel, the other biomaterial scaffolds that need to be prepared before implantation to the injured area all belong to the implantable type. Compared with the injectable scaffold, the implantable scaffold has to be used under operation, thus accompanied by more severe invasion. Thanks to the scaffold pre-preparation before an implantation and various candidate methods for scaffold formation; the implantable scaffold has found wider applications.

The scaffolds used for CNS regeneration include morphologically noninjectable hydrogel/spongy scaffolds, with rich water content and multiporous structure to favor the cell adhesion and permeation \[[@rbw004-B35]\]. The channel-type scaffolds in filamentous/mat/tubular structure, for instance, aim to reconstruct the axonal growth trajectory and direct neural regeneration \[[@rbw004-B16], [@rbw004-B36]\]. The nano-sized scaffolds, such as nanotube and nanofiber, tend to physically simulate the ECM and tubular structures, such as microtubules, axons and dendrites \[[@rbw004-B22]\].

Different-based biomaterials and their application in CNS regeneration
======================================================================

There are currently multiple strategies for repairing the CNS injury, e.g., to restrict inflammations and secondary injury, reconstruct the injured tissues, neutralize the disadvantageous molecules, strengthen the nutritive support and transplant exogenous cells \[[@rbw004-B31]\], but all of which have limitations by single usage. Nowadays, the biomaterial scaffold--based research is drawing broad attention, which is expected to provide a supporting scaffold for neural regeneration, thus making it possible to create a local microenvironment favorable for regeneration; in the meantime, to combine with one or arbitrarily several strategies to develop a joint treatment protocol, ultimately facilitating the CNS regeneration. In this section, we introduce the biomaterial scaffold--based therapeutic strategy applied in CNS regeneration research in terms of biodegradable synthetic biomaterials and natural biomaterials.

Biodegradable synthetic biomaterials
------------------------------------

The synthetic biomaterials, unlike the natural materials originating from animals, do not need to face the great challenges of individual difference and disease propagation, with their synthesis processes and final components under relative control. As most synthetic materials do not have bioactivities, they have to be modified by grafting ECM polypeptides, growth factors or other bioactive factors to trigger neural regeneration. This part introduces the broadly applied polylactic acid (PLA)/polyglycolic acid (PGA)/poly(lactic-co-glycolic) acid (PLGA) and poly-epsilon-caprolactone (PCL).

### *PGA*, *PLA and PLGA*

PGA, PLA and their copolymers have been widely applied in the field of tissue engineering due to their good biocompatibility and biodegradability. The PGA nanotube has gained the first approval from the U.S. Food and Drug Administration (U.S. FDA) to serve as the biodegradable synthetic peripheral nervous tube in clinics \[[@rbw004-B35]\]. PLGA has also been approved by the FDA for clinical treatment in a wide range \[[@rbw004-B37]\]. PGA, PLA and PLGA are well-known micron/nanoparticles for drug delivery, because their degradation speed can be controlled by adjusting the ratio of GA to LA; meanwhile, they can serve as the scaffold for *in situ* forming gel and slowly release NT-3 in a long term up to 2 weeks \[[@rbw004-B22]\]. PLGA delivers Schwann cells, thus facilitating the neural regeneration in the SCI model of complete transection \[[@rbw004-B38]\].

### PCL

PCL is another polymer approved by the US FDA and widely applied in the CNS field. Compared with PLGA, PCL degrades at a slower speed and obtains a reduced acidity after degradation, consequently alleviating the inflammation reaction \[[@rbw004-B41]\]. The PCL nanoline enables the cells adhering to the line to remain in the differentiating status for 7 days and form neural networks \[[@rbw004-B42]\]. The modified PCL nanofiber scaffold, when carrying brain-derived neurotrophic factors (BDNF), can strengthen the proliferation of cortical stem cells and facilitate their differentiation into neurons and oligodendrocytes \[[@rbw004-B43]\].

Natural materials
-----------------

### Scaffolds composed of purified ECM components

ECM makes up about 20% of the whole CNS tissue in volume and plays a key role in maintaining cell functions \[[@rbw004-B44]\]. The ECM in the peripheral tissue is rich in Coll, fibronectin (FN) and laminin (LN). The mature CNS ECM is mainly composed of glucosaminoglycan (HAs) and multiple proteoglycans \[[@rbw004-B45]\]. In this part, we introduce the four ECM scaffolds of HA, Coll, FN and LN, as well as their joint treatment protocols applied in CNS regeneration.

HA is known to play roles in cellular processes like cell proliferation, morphogenesis, inflammation and wound repair. It interacts with cells via combining with CD44 and the surface receptors for hyaluronan-mediated motility \[[@rbw004-B46], [@rbw004-B47]\]. The HA alone cannot form gel and will quickly get degraded under enzyme effects. The hydrogel obtained by modifying HA with poly-lysine and Nogo-66 receptors is capable of increasing the neural fiber growth toward the injured area \[[@rbw004-B48]\]. The injectable gel obtained by physically mixing HA and methyl cellulose is used to transfer growth factors to CNS \[[@rbw004-B49]\]. The PLGA nanospheres with drugs further loaded and wrapped enable the prolonged drug release \[[@rbw004-B52]\].

Coll-based biomaterials are prepared into filamentous and tubular structure in an attempt to reconnect the two ends of the injured area and direct the regenerate/sprout axonal trajectories \[[@rbw004-B53], [@rbw004-B54]\]. They are also cross-linked with genipin to form stable injectable gel for repairing SCI \[[@rbw004-B55]\]. The Coll scaffold loaded with BDNF, when used in the thoracic semitransection model, enabled a longer axonal length growing toward the injured area as well as functional improvement \[[@rbw004-B56]\]. After the traumatic brain injury (TBI), the Coll scaffold implanted with human marrow stromal cells (hMSCs) realized the decrease in lesion dimension, increase in spatial learning ability and functional recovery \[[@rbw004-B57]\].

FN-based biomaterials are applied to CNS regeneration in the form of FN mat and injectable gel \[[@rbw004-B58]\]. As the carrier for cell transplantation, the FN-based scaffold enables a more even distribution of NSCs in the injured brain area and a prolonged survival time up to 8 weeks \[[@rbw004-B61]\]. The fibrin scaffold loaded with the NT-3 delivery system transplanted at 2 weeks after SCI could strengthen neural axon sprouting \[[@rbw004-B62]\].

LN has been evidenced to be capable of facilitating the adhesion and migration of NSCs *in vitro*. It may also adjust the survival and proliferation of NSCs by the β1 integrin-mediated mechanism \[[@rbw004-B63], [@rbw004-B64]\]. According to published methods \[[@rbw004-B61], [@rbw004-B65], [@rbw004-B66]\], LN and the polypeptides originating from LN are usually integrated with other biomaterials to increase their capabilities of supporting cell adhesion and survival, instead of direct application to CNS repair.

### Decellularized intact ECM

Great progress in ECM-based bioscaffolds has been achieved in CNS repair, but the limitations of the relevant biomaterials are unnegligible. Even though those biomaterials provide the main ECM components, they cannot copy the morphology and structure of natural ECM. In research, only one type or two types of ECM proteins are adopted in scaffold preparation, while ECM is actually a complex of a series of proteins, growth factors and other cytokines. The research on decellularized intact ECM, therefore, has drawn broad attention.

The decellularized tissues originating from the peripheral nerve were first used in CNS regeneration research \[[@rbw004-B67]\]. Then the decellularized muscle tissue was evidenced to offer effective matrixes to strengthen the axonal sprouting of spinal cord injured rats \[[@rbw004-B71]\]. At present, the decellularized scaffold originating from the CNS is also used for studies on facilitating regeneration. The decellularization of brain and spinal cord neural tissues is carried out chemically \[[@rbw004-B72]\] or by freezing and drying in combination with chemical methods \[[@rbw004-B73], [@rbw004-B74]\]. The decellularized scaffold possesses LN, FN, myelin and growth factors (vascular endothelial growth factor (VEGF) and fibroblast growth factor-2 (FGF-2)) \[[@rbw004-B72], [@rbw004-B73]\]. The decellularized CNS scaffold is capable of facilitating the proliferation, migration and differentiation of neural cells *in vitro* \[[@rbw004-B72], [@rbw004-B73]\], while avoiding the immune reaction when implanted into the body \[[@rbw004-B72]\]. The decellularized scaffold may also be prepared as an injectable hydrogel and implanted via mini-invasive surgery \[[@rbw004-B46], [@rbw004-B75]\]. The urinary bladder matrix (U-ECM) obtained by decellularizing the bladder tissue was prepared as an injectable hydrogel and used for the rat TBI model, which enabled effective brain protection after the injury \[[@rbw004-B76]\].

Although the ECM scaffolds maintain many bioactive factors, no published method is available to selectively remove growth inhibitory factors and retain growth promotive factors. Additionally, because of the complexity of various original tissue sources, a strict decellularization process is required to guarantee the complete removal of all cellular components, which might have side effects on host cells. Moreover, as ECM scaffolds are developed from mammalian tissues, individual differences between animals may have impact on the reconstruction results \[[@rbw004-B77]\].

### Other natural biomaterials

In the field of CNS regeneration, the widely used biomaterials also include agarose and chitosan \[[@rbw004-B78]\]. Chitosan is a polysaccharide completely or partially deacetylated from chitin, and used in the CNS regeneration in the multiple forms of hydrogels, tubes, neural fibers and so on \[[@rbw004-B81], [@rbw004-B82]\]. Taking the spinal cord or brain injury of adult rats as the experimental models, our research team has long been devoted to using chitosan biomaterial scaffolds to repair CNS injury, and evidenced that the NT-3 chitosan scaffold enables the neural regeneration of the brain and spinal cord \[[@rbw004-B20], [@rbw004-B36], [@rbw004-B83], [@rbw004-B84]\], based on which we have further revealed that the NT-3 chitosan scaffold can activate endogenous neurogenesis and thus realize the functional recovery after rat SCI \[[@rbw004-B16]\], as well as explored its underlying molecular mechanism via transcriptome analysis \[[@rbw004-B85]\]. Our team reported on the first activation of endogenous neurogenesis via biomaterials in the world, and this is of significant value in the field of CNS regeneration. The bioactive scaffold developed by our team has been approved by China FDA and is now under the clinical trial.

Endogenous neurogenesis
=======================

Contrary to the previous opinion that adult brain neurons remain static and cannot regenerate, the adult neurons have been found to be capable of generating new neurons, which will then be integrated into the complex host neural circuit. A large number of NSCs/NPCs are observed in multiple areas such as the olfactory bulb, hippocampus dentate gyrus, periventricular zone and central canal of the spinal cord \[[@rbw004-B4], [@rbw004-B9], [@rbw004-B10], [@rbw004-B86], [@rbw004-B87]\].

The discovery of endogenous NSCs has brought new hopes to repairing brain injury and SCI or disease via neural transplantation and cell substitution. The adult neurogenesis refers to the whole neuronal development event from the very beginning of the stem/precursor cell division to its maturation and integration, as well as the appearance of new functional neurons till the survival end. Sometimes stem/precursor cells proliferation is mistaken as neurogenesis \[[@rbw004-B88]\].

Functional neurogenesis in adult nonmammalian vertebrates
=========================================================

The adult neurogenesis has been observed in many nonmammalian vertebrates. The medial cerebral cortex of lizards is similar to the hippocampus dentate gyrus of mammalians, which has neurogenesis after birth and can regenerate when responding to injury \[[@rbw004-B89]\]. A salamander can regenerate its tail, limbs, mouth and eyes as well as neurons at the corresponding sites \[[@rbw004-B90]\]. The retinal neurogenesis happens in the whole life of goldfish \[[@rbw004-B91]\]. More impressively, its retina can regenerate even after partial cutting and removal \[[@rbw004-B92]\]. Although significant neural tissue regeneration has been revealed in nonmammalians, its value to mammalians remains unclear. As pointed out by some researchers, why mammalians have lost such functions may be attributed to the selective evolution pressure \[[@rbw004-B93]\].

The brain complexity of birds is quite similar to that of mammalians, also with neurogenesis after birth \[[@rbw004-B94], [@rbw004-B95]\]. In songbirds, new neurons are constantly supplemented to the senior sounding center \[[@rbw004-B96], [@rbw004-B97]\], the brain area for tweeting learning \[[@rbw004-B98]\] and other special brain areas (but not all the neurons).

Neurogenesis in adult mammalians
================================

Ramony Cajal once asserted that 'In the adult CNS, the neural circuits is fixed in some degree, terminated and unchangeable. Each neuron will die but not regenerate'. As the CNS injury and neurodegeneration diseases will not recover naturally, and neurogenesis distribution is quite limited in the adult mammalian brain, the researchers of this field thus drew the conclusion that neurogenesis was impossible in the adult mammalian brain. Using the sensitive methods, Joseph Altman first detected the constant neuronal mitosis in the adult brain. The endogenous neurogenesis can be observed in the brain hippocampus \[[@rbw004-B4]\] and olfactory bulb \[[@rbw004-B5]\] by using thymidine as the mitosis marker.

Later, more and more studies suggest that, under normal conditions, neurogenesis is observed in the subventricular zone (SVZ), subgranula zone(SGZ), olfactory bulb and the central canal of the spinal cord of adult mammalians \[[@rbw004-B4]\].

The transplantation research supports the classification of the neurogenesis area and non-neurogenesis area in the CNS, and has evidenced the impact of microenvironments on NSC/NPC potential. If stem/precursor cells are transplanted into the neurogenesis area, they will differentiate into specific neurons in an area-specific pattern \[[@rbw004-B99], [@rbw004-B100]\]. When transplanting the SVZ stem/precursor cells to the hippocampus, hippocampus neurons will be generated; when transplanting SGZ stem/precursor cells to the rostral migratory stream, olfactory interneurons will be generated \[[@rbw004-B101]\]. When transplanting the above two types of stem/precursor cells into the non-neurogenesis area, only glial cells will be generated. Taken together, neurogenesis relies on the local microenvironment that permits neurogenesis, but not on stem/precursor cell types with different properties in different areas. The impact of local microenvironments on stem/precursor cell behavior and its potential to differentiate into neurons indicates that it is of great importance to explore the molecular control mechanism of different-typed stem/precursor cells differentiation in the adult CNS.

The neurogenesis area has been redefined based on the neurogenesis permission by local microenvironments, instead of the existing sites of NSCs/NPCs, and this astonishes many researchers in this field. NSCs/NPCs have been discovered in many brain areas, including the white matter tract \[[@rbw004-B102], [@rbw004-B103]\], and may exist in the whole brain, although at a very low density \[[@rbw004-B104]\]. These broadly distributed NSCs/NPCs seem to have no essential difference, although they are distributed unevenly, with significantly different growth dynamics and differentiation potentials. Their functions beyond the traditional neurogenesis areas remain unknown, not even their relationship with the stem/precursor cells inside the neurogenesis areas. For example, the NSCs/NPCs originating from the spinal cord are quite similar to those from the SGZ and SVZ *in vitro* \[[@rbw004-B105]\]. When they are transplanted into the hippocampus, they gain the multipotent stem cell potential and generate granule neurons; when *in situ* or transplanted back to the original site of the spinal cord, they generate only glial cells but no neurons \[[@rbw004-B100]\]. As revealed recently, neurogenesis can be facilitated by changing the microenvironment of the injured area after the adult rodent SCI, ultimately leading to the functional recovery of paralytic limbs \[[@rbw004-B16], [@rbw004-B85]\]. In sum, the neurogenesis degree in a specific area is determined by the local microenvironment and the stem/precursor cells with neurogenesis potential.

We thus come to the conclusion that the neurogenesis areas and non-neurogenesis areas are conceptually different, which reflect the complicated molecular and functional mechanisms, but not the fixed cellular environment. Will it be possible to operate the non-neurogenesis area to trigger neurogenesis? Under some pathological conditions is it possible to induce the variation of neurogenesis potential? Although without any evidence up to now, it is inferred that such neurogenesis variation may be realized via changing local molecular microenvironment, which is similar to the situation observed during the neural system development and in the adult neurogenesis area.

Several research groups have recently shown that, when selective neuronal death or degeneration occurs, neurogenesis may be induced in some degree in the normal non-neurogenesis areas. Scientists have also found that, under normal conditions, when endogenous multipotent stem/precursor cells normally at the adult brain are transplanted to the new cortex without neurogenesis, they can be induced to differentiate into neurons. This result has already been extended to corticospinal motor neurons \[[@rbw004-B106]\].

Scientists have attempted to operate endogenous stem/precursor cells to repair the brain injury or SCI. The ICV injection of EGF or transforming growth factor α significantly increased proliferation of SVZ precursor cells, and the injection of FGF-2 slightly increased such proliferation \[[@rbw004-B107], [@rbw004-B108]\]. Even the subcutraneous injection of FGF-2 could also induce the proliferation of SVZ precursor cells \[[@rbw004-B109]\]. Although the mitosis-induced nascent cells are distributed in the brain areas surrounding the brain ventricle, however, they usually cannot differentiate into neurons \[[@rbw004-B108]\]. Using the *in vivo* local ischemic models, Nakatomi *et al.* showed that, after the injury and degradation in the CA1 area, the pumping of high-level EGF and FGF-2 enabled the neuronal regeneration in this area \[[@rbw004-B12]\], and the regenerated neurons originated from the NSCs proliferation reaction in the back areas surrounding the brain ventricle. In spite of the high levels of EGF and FGF-2 largely exceeding the reasonable dosage for human application, these experiments did strengthen the endogenous neurogenesis reaction. In the field of repairing adult SCI, the team led by Li made use of the anti-inflammation feature of chitosan and the NT-3 slow release technique to improve the local microenvironment of the injured spinal cord area, activate spinal cord endogenous NSCs and induce them to migrate into the injured area, differentiate into neurons and establish contact with host neurons \[[@rbw004-B16], [@rbw004-B85]\]. Taken together, the operation on microenvironments seemingly supports and directs endogenous neurogenesis.

Other cytokines may also serve as important regulatory factors for neurogenesis, such as Noggin \[[@rbw004-B110]\], VEGF \[[@rbw004-B111]\] and BDNF \[[@rbw004-B112]\]. The ICV injection of BDNF could increase the number of nascent neurons in the olfactory bulb of adult animals \[[@rbw004-B113]\]. Further research has showed that the ICV administration of BDNF not only strengthens the proliferation of SVZ precursor cells, but also facilitates the neuronal migration to other areas, like the neostriatum, phren area, thalamencephalon and hypothalamencephalon \[[@rbw004-B112], [@rbw004-B114]\]. These results indicate that the utilization of growth factors inside the adult body possibly has impact on the fate of *in vivo* endogenous NSCs/NPCs, resulting in the substitution of the lost neurons caused by disease, degradation or death in the brain area. However, the feasibility and safety of these methods are still under debate. For example, it was reported that the ICV injection of EGF might lead to a large area hyperplasy of the brain ventricle wall \[[@rbw004-B108]\].

Besides growth factors and neurotrophic factors, many other molecular and extracellular control patterns have been found to have potential effects on the behavior of SVZ NSCs/NPCs. For example, transcription factor E2F1 \[[@rbw004-B115]\] and homebox gene *Vax1* \[[@rbw004-B116]\] participate in the adjustment of adult SVZ neurogenesis. Additionally, messenger RNA (mRNA)-binding proteins Musashi1 \[[@rbw004-B117]\], CCg \[[@rbw004-B118]\] and orphan receptor TLX \[[@rbw004-B119]\] are also involved in the adjustment of SVZ NSCs/NPCs proliferation and differentiation.

Moreover, researchers have demonstrated that doing exercises may also increase neurogenesis \[[@rbw004-B120]\]. On the contrary, stress may decrease the neurogenesis in rodents \[[@rbw004-B121]\] and primates \[[@rbw004-B122]\], and the inflammation caused by X radiation also reduces neurogenesis \[[@rbw004-B123]\]. In conclusion, the above candidate methods have to be repeatedly verified in nonhuman primate animals before the clinical trial, to optimize their safety and efficacy. Only under this prerequisite may the endogenous stem/precursor cell operation-based neuron substitution therapy be realized in future.

Conclusions on endogenous CNS neurogenesis and its future prospects
===================================================================

A better understanding of the cellular and molecular control mechanism of NSCs/NPCs differentiation during the developmental stage and in the adult CNS is of great significance to activating endogenous neurogenesis and reconstructing the functional neural circuit lost because of injuries or diseases. In the adult mammalian brain, endogenous stem/precursor cells would be directed to develop and integrate, and to substitute the lost neurons. This application prospect is exciting, toward which great advances have been achieved, including: neurogenesis constantly occurs in multiple areas of the adult mammalian brain, the limited neurogenesis in the non-neurogenesis areas may be activated under proper conditions. The molecular/genetic control of lineage-specific differentiation is pushing forward the relevant research toward the goal of cell regeneration and repair.

In fact, many problems have to be solved before the realization of neuron substitution therapy using endogenous stem/precursor cells. First, we need to explore multiple signals responsible for the division, migration, differentiation and axonal growth. Of note, the potential therapy of *in situ* operating endogenous stem/precursor cells may not be limited to the brain area close to the adult neurogenesis area. In terms of safety in clinics, more attention should be paid to the research on endogenous stem cells activation.

In the future, brain and spinal cord repair may be realized by specifically activating endogenous NSCs/NPCs, which will then differentiate along the lineage of needed neuron cells to induce cell regeneration in the lesioned or diseased brain and spinal cord. The future studies should be focused on exploring the NSC/NPC potentials in different local microenvironments, as well as the complex interaction between signals. Special attention should also be paid to the nonuniformity of stem/precursor cells and how to specifically adjust the developmental signals of NSCs, as well as neuronal differentiation and survival making use of the cell type limitations, environmental permission and direction. In the coming 10 years, endogenous neurogenesis will revolutionarily push forward the advancement of nervous repair research.
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